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MARINE COMPOSITES
Current methods of estimating the behaviour of marine 
composite structures under pressure due to slamming 
as a result of high waves are based on trial and error or 
oversimplification.  Normally  under  these  conditions  the 
non-linearities of these structures are often neglected and, 
in order to compensate, an overestimated safety factor is 
employed.  These  conservative  approaches  can  result  in 
heavier and overdesigned structures. In this paper, a new 
semi-empirical method is proposed that overcomes some of 
these problems. This work involved the use of an artificial 
neural  network  (ANN)  combined  with  strain  gauge  data 
to enable real-time in-service load monitoring of large 
marine structural panels. Such a tool has other important 
applications, such as monitoring slamming or other 
transient hydrostatic loads that can ultimately affect fatigue 
life. To develop this system, a glass fibre-reinforced polymer 
(GFRP) composite panel was used due to its potential for 
providing a non-linear response to pressure or slamming 
loads. It was found that the ANN was able to predict normal 
loads applied at different locations on the panel accurately. 
This  method  is  also  capable  of  predicting  loads  on  the 
marine structure in real time.
Keywords:	Composite,	 marine,	 artificial	 intelligence,	 artificial	
neural	 network,	 structural	 analysis,	 load,	 non-linear	
structures,	large	displacement	analysis.
1. Introduction


















Techniques	 used	 to	 measure	 hydrodynamic	 loads	 use	 non-
linear	 equations	 due	 to	 the	 random	 and	 irregular	 nature	 of	 the	
sea,	resulting	in	a	very	expensive	and	time-consuming	analysis.	
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the	 ends	 of	 the	 vessel	 and	 as	 seas	 become	 progressively	 more	
beam-on[9].	 Clarke[10]	 conducted	 many	 on-board	 measurements	
employing	several	Royal	Navy	(RN)	ships.	The	results	indicated	
that	 strip	 theory	 over-estimates	 wave	 bending	 moments,	
particularly	 at	 larger	 wave	 heights.	 Furthermore,	 the	 hogging	










short	 waves,	 many	 numerical	 methods	 considering	 the	 three-
dimensional	effects	have	been	introduced.	Among	them	are	the	
three-dimensional	Green	function	method[12]	and	Rankine	source	
method[13-15]	 based	 on	 three-dimensional	 potential	 theory.	 The	








methods.	 It	 is	 concluded	 that	 a	 novel	 technique	 is	 required	 to	






load	 monitoring	system	 and	 technique	has	 to	 be	 developed	 for	
naval	assets	and	large	structures[16].	
A	 novel	 approach	 for	 the	 determination	 of	 pressure	 loads	








beam	 model.	 In	 a	 study	 by	Amali	 et al[17],	 it	 is	 illustrated	 that	
ANN	 can	 be	 combined	 with	 experimental	 methods	 to	 create	 a	
hybrid	inverse	problem	analysis	tool	or	inverse	problem	engine.	

























ANN	 was	 designed,	 developed	 and	 trained	 within	 the	 Matlab	





























The	 panel	 was	 divided	 into	 a	 four-by-four	 grid	 producing	
sixteen	equal	regions,	each	with	an	area	of	0.25	×	0.25	m2	(Figure	
Figure 1. Schematic of composite panel indicating strain gauge 
and loading locations
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Normal	 loads	 were	 randomly	 applied	 to	 the	 top	 surface	 of	


























































Once	 validated,	 a	 large	 number	 of	 training	 (load/strain	




Longitudinal	property Units                                                                                      Units
Longitudinal	tensile	modulus N/mm2 21220 Poisson’s	ratio	(longitudinal	strain) 0.120
Longitudinal	tensile	strength N/mm2 318.3 Poisson’s	ratio	(transverse	strain) 0.120
Longitudinal	compressive	modulus N/mm2 21220 Longitudinal	coeff.	of	thermal	expansion 10-6/°K 14.62
Longitudinal	compressive	strength N/mm2 254.6 Transverse	coeff.	of	thermal	expansion 10-6/°K 14.62
Transverse	property Density kg/m3 1786
Transverse	tensile	modulus N/mm2 21220 Structural	ply	thickness mm 0.75
Transverse	tensile	strength N/mm2 318.3 Actual	ply	weight g/m2 1364
Transverse	compressive	modulus N/mm2 21220 Shear	thickness mm 0.75
Transverse	compressive	strength N/mm2 254.6
Shear	properties Derived	shear	properties	@	±45°
Interlaminar	shear	modulus N/mm2 3050 Shear	material	name 1	x	XE905	@	±45°
Interlaminar	shear	strength N/mm2 36.6 Axial	modulus	with	fibres	@±45° N/mm2 9737
In-plane	shear	modulus N/mm2 3050 Shear	modulus	with	fibres	@45° N/mm2 9471


















































in	 each	 hidden	 layer	 of	 the	 two	 network	
architectures	 were	 flexible.	 These	 were	
dependent	on	the	complexity	of	the	training	
datasets	and	were	optimised	according	to	the	
network	 performance.	The	 sum	 of	 squared	
errors	 (SSE)	 and	 mean	 of	 squared	 errors	
(MSE)	 are	 common	 network	 performance	




can	 be	 employed	 to	 estimate	 new	 loading	

















The	 validity	 of	 utilising	 FEA	 for	 training	 data	 generation	 and	
the	ANN	validity	and	performance	are	detailed	in	the	following	
sections.
3.1 FEA model validation
























Figure 2. Comparison of FEA and experimental data of selected 
strain gauges 
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has	 more	 flexibility.	 This	 means	 having	 thirteen	 independent	
networks;	 for	 each	 load	 location	 a	 separate	 new	 network	
architecture	and	parameters	can	be	employed.	
For	 instance,	 the	 sum	 of	 the	 estimation	
performances	 of	 networks	 in	 the	 second	




































Figure 3. Matlab representation of ANN architecture 1
Figure 4. Matlab representation of ANN architecture 2
Figure 5. SSE performance of network architecture 2
Figure 6. Comparison of the SSE values of the two network 
architectures
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